LaYO 3 doped-ZrO 2 ceramic with the composition La 0.95 Zr 0.05 YO 3+δ was prepared via the solid state reaction. The samples were sintered at 1450 ˚C and sintering times in range of 6-15 hours have been varied for both doped and base samples in order to study its effect on its properties. The results showed that relative density increased remarkably with sintering time. The highest relative density was observed for the samples sintered for 15 hours. Scanning electron micrographs also proved that the porosity of the samples reduced when samples sintered for the longer time.
Introduction
Solid electrolytes or superionic conductors is a fast ion conductors in the solid-state ionics and its materials which exhibit exceptionally high values of ionic conductivity due to the rapid diffusion of one ionic species through a lattice formed by immobile counter ions. Originally studied by Faraday in the 1830s, these solid electrolytes are now widely used in all solid state supercapacitors, batteries and fuel cells, and in various kinds of chemical sensors but primarily in solid oxide fuel cells (SOFCs) application [1] .
SOFC is also known as an environmental friendly energy conversion device that converts the energy of a chemical reaction directly into electrical energy. The advantages are high energyconversion efficiency, low emissions of CO 2 , CO, NO x , SO 2 , no dust, no noise disturbance, fuel and site flexibility and modularity [2] . Because of high efficiency, low pollution and fuel flexibility, SOFC is one of the most attractive energy conversion systems [3] .
Many works have shown the uses of LaGaO 3 -based compounds but it was very expensive [4] , [5] , [6] . Recently, Esaka et al has found that by replacing Ga with Y, the perovskite type oxide shows ion conduction with oxide ion transport number is unity, which has the potential to use as electrolyte in SOFC. They reported that perovskite type Zr doped LaYO 3 has conductivity of 1.2 × 10 -2 S/cm at 1000 ˚C. Besides that, interstitial oxide ions played very important roles for oxide ion movement on behalf of oxide ion vacancies [7] . However, no further and more detailed experiments have been performed on this material with respect to densification, crystal structure and microstructure. Thus, these properties of this material have yet to be investigated.
Sintering parameters, such as, heating and cooling rate, sintering time, sintering atmosphere, sintering temperature, partial pressure of sintering atmosphere will profoundly affect the mechanical and physical properties. In this regard, the effect of sintering time on the properties of LaYO 3 doped with ZrO 2 was investigated in this study. This study has focused on the effect of sintering time on the density and crystal structure of LaYO 3 doped ZrO 2 . We have chosen and report on La 0.95 Zr 0.05 YO 3+δ as this material is reported to show highest conductivity in the sample with composition La 1-x Zr x YO 3+x/2 [7] .
Experimental
Sample Preparation. La (1-x) Zr x YO 3+(x/2) (x=0, 0.05) was prepared via solid state reaction. Stoichiometry ratio of La 2 O 3 , Y 2 O 3 and ZrO 2 powder were weight and mixed in mortar until uniform powder obtained. Pre-calcination of La 2 O 3 at 1000 ˚C has been done earlier to eliminate moisture as La 2 O 3 is hygroscopic substances that attract and hold water molecules from the surrounding environment. The powder mixture was dried before undergo calcination at 1000 °C and hold for 8-10 hours to form early state of physical phase transformation.The calcined powder were then pressed into pellets with 12 mm of diameter and 1-2 mm of thickness. Both based and doped samples were sintered in different sintering time, which are 6 hours, 10 hours and 15 hours at 1450 °C with heating rate of 10 ˚min -1 .
Sample Characterization. The densities of both based and doped samples were analyzed in order to determine the best sintering time that produce highest density. Higher density value is preferable as solid electrolyte must be sufficiently high density to prevent mechanical mixing between oxygen and fuel gasses in the fuel cell. All of the doped samples were characterized by using Scanning Electron Microscopy (SEM) and X-ray Diffractometer (XRD). SEM was carried out to study the nature of agglomeration of the sample and comparing if there is any difference in morphology of the different sintering time. XRD was used to determine phases present in the sample and to identify the solid solubility of the sample. The sintering time and the pattern phases exist were compared to conclude which is the best sintering time for La 0.95 Zr 0.05 YO 3.025 .
Results and Discussion
Density. The values of relative density for both based and doped pellets are shown in Figure 1 . From the result obtained, it shows that as the sintering time increases relative density also increased. Same pattern was observed for the based samples. The doped sample that been sintered for 15 hours has recorded the highest relative density compared to others. It is 91% from theoretical density of doped sample (5.95 g/cm 3 ). It is important to achieve high density as solid electrolyte must be free from porosity to avoid gases permeable from one side of electrolyte to the other. Even though the value is less than the acceptable density for solid electrolyte which is supposedly around 94 -96% of theoretical value, from the graph, as can conclude; increasing the sintering time will increase the density. This tendency can be related with the SEM result shown in Figure 2 .
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Scanning Electron Microscope (SEM). The surface morphology of the La 0.95 Zr 0.05 YO 3+δ samples sintered at 1450 °C for 6 hours, 10 hours and 15 hours were studied by using SEM model JEOL-JSM 6460 LA in backscattered mode. The relation between sintering time and the porosity distribution on the fractured surface structure were observed and the result is shown in Figure 2 . (Figure 2a ) shows weaker cohesion between adjacent particles. More porosity appeared on this sample compared to sample sintered for 10 hours (Figure 2b) and sample that sintered for 15 hours (Figure 2c ). Less integration between particles explains that the lower density of this sample. As the sintering time increases, the cohesion between adjacent particles became stronger and more pore were eliminates. Porosity level of a sintered pellet was related to the reaction occurred in the sample during densification process. Given that the sintering process is dominated by the elimination of pores as the sintering time is increase [9] . Porosity level of the sample will reduced as the particles of the sample packed together. It was clearly shown that there were lessen porosity for sample sintered for 15 hours compared to sample sintered for both 6 hours and 10 hours. Sintering time also affects the grain size of the samples. As sintering time is increase, neck formation between particles and grain growth begin [10] . Considering the much bigger grain size as the sintering time increased, the reason for this could be that these pores are trapped in the grains during the grain growth. It can be concluded that, with increasing the sintering time, forming stronger cohesion between particles, the porosity of sample, La 0.95 Zr 0.05 YO 3+δ decreased, thus increase the density.
X-ray Diffraction (XRD). XRD was done to the doped samples in order to determine the phases exist in each of the sample by using Ni-filtered copper radiation (Shimadzu, XRD-600 diffractometer). The result for the XRD pattern of doped samples La 0.95 Zr 0.05 YO 3+δ that sintered at 1450 °C for 6 hours, 10 hours and 15 hours is shown in Figure 3 . For samples to obtain single phase with orthorhombic structure, XRD pattern should match JCPDS data (No. 09-0032). From the results obtained, sample sintered for 13 and 15 hours matched the JCPDS data but with some extra peaks indicating coexistence of the secondary phase which is Y 2 O 3 and La(OH) 3 . The presence of La(OH) 3 phase indicates that under atmosphere, La 2 O 3 absorbs moisture over time and converts to lanthanum hydroxide, (La(OH) 3 [11] . Since the samples were not undergoing XRD testing right after sintering process, the samples have potential of absorbing moisture from environment during the storage period while waiting for the XRD testing. Samples sintered for 6 hours and 10 hours indicate some absences peaks which mean the samples were not fully crystalline. 
Conclusion
LaYO 3 perovskite type oxide structure doped with ZrO 2 was prepared by solid-state reaction method in this study. By mixing raw materials of La 2 O 3 , Y 2 O 3 and ZrO 2 together and then sintered at a range of time for the formation of LaYO 3 phase. The value of relative density shows that Zrdoped samples has higher relative density compared to the based samples. The relative density of all samples increase as the sintering time increase. The highest density obtained for the doped sample that has been sintered for 15 hours reached 91% to that theoretical density value (5.95 g/cm 3 ). From SEM results, doped sample that sintered for 15 hours clearly shows that sample is dense with little pores appeared. XRD result shows sample sintered for 15 hours has perovskite-type orthorhombic phase but with secondary phase.
